
Metapopulation: collection of subpopulations, each 
of which occupies a separate patch of a subdivided 
habitat.



GENETICS AND POPULATION VIABILITY

(1) Inbreeding depression

(2) Loss of genetic and phenotypic variability

(3) Loss of evolutionary potential

(4) Effects of mtDNA

(5) Mutational meltdown



An important case arises where local populations are liable to frequent 
extinction, with restoration from the progeny of a few stray immigrants.  In 
such regions the line of continuity of large populations may have passed 
repeatedly through extremely small numbers even though the species has at all 
times included countless millions of individuals in its range as a whole.

Sewall Wright (1940)



Richard Levins (1970) introduced the term 
metapopulation to describe a population of 
populations that occupy a series of similar habitat 
patches isolated by unsuitable habitat.  

Each local population has probability of extinction 
(e) during a time interval.  Empty patches are 
subject to recolonization with probability (c).  

“Metapopulation dynamics” are a balance between 
extinction and recolonization so that at any 
particular time some patches are occupied and 
some are extinct.  



e = probability of extinction

c = probability of colonization

p = proportion of patches occupied
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Metapopulation dynamics: 

Size (e & Ne) and distance (c & m)



Importance of scale (geographical & temporal)

Effective population size (Ne)





Continuous Distribution Model
(Isolation-by-distance)

neighborhoods



Who are the people in your neighborhood?



Effective population size (Ne)

Effective population size is a measure of the rate 
of loss of heterozygosity over time.  The short-
term effective population size is related to the 
decline of the expected average heterozygosity 
within subpopulations (HS).  The long-term
effective population size is related to the decline 
of the expected heterozygosity if the entire 
metapopulation were panmictic (HT). 



Ne (local) = 25

NT = 6 x 25 = 150

HT = HS + HB

FST = HB/HT



Long-term Population Viability: Ne ≥ 500 - 1,000

It is the total assemblage of interconnected subpopulations that
forms a global population that must have an effective size 
meeting the criteria for long-term persistence. 



Effects of local extinctions







Nuclear versus mtDNA?



?



Proc. Nat. Acad. Sci. USA 100:6564-6568. 2003.





Iliamna

Principle Component Analysis (PCA) of genetic 
divergence at 11 microsatellite loci





Stream spawners

Beach 
spawners



Local Adaptation Local Adaptation 

Stream Stream spawnersspawners
BeachBeach spawnersspawners



The stock complex is an amalgamation of several hundred 
discrete spawning populations. Structured within lake 
systems, individual populations display diverse life history 
characteristics and local adaptations to the variation in 
spawning and rearing habitats. This biocomplexity has 
enabled the aggregate of populations to sustain its 
productivity despite major changes in climatic conditions 
affecting the freshwater and marine environments during 
the last century. Different geographic and life history 
components that were minor producers during one climatic 
regime have dominated during others, emphasizing that the 
biocomplexity of fish stocks is critical for maintaining their 
resilience to environmental change.

Hilborn et al. (2003)







What are we trying to “conserve”?



Recognizing appropriate intraspecific units for 
protection and management is essential:

(1) Management and monitoring need to be 
targeted at independent populations. 

(2) Many governments and agencies have 
established legislation and policies to protect 
intraspecific population units. 

(3) Priorities among population units are often 
needed because limited financial resources 
preclude conservation of all units. 



SCALE 
(again!)



Great Fundamental Ignorance
How many species of animals are 
there?  6 million or 35 million?

African ForestAfrican Savannah



2004. PNAS 101:14812-14817.





J. Kingdon

Forest elephant

Savannah elephant



Tropical forest

Forest/savanna transition

Historic elephant range
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16 microsatellite loci



How much of this genetic variation is 
present in captive populations of elephants?



mtDNA 
suggested 
subspecies

FST ~ 1.0

mN = 0


	Who are the people in your neighborhood?

